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WORK VEHICLE DIRECT DRIVE POWER
SYSTEM WITH TORQUE CONTROL MODE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

Not applicable.

STATEMENT OF FEDERALLY SPONSOR.
RESEARCH OR DEVELOPMENT

s
w

Not applicable.

FIELD OF THE DISCLOSURE

This disclosure generally relates to work vehicles, and
more specifically to regulating output torque 1 a work
vehicle.

BACKGROUND OF THE DISCLOSURE

Heavy work vehicles, such as used 1n the construction,
agriculture, and {forestry industries, typically include a
power system with an internal combustion engine in the
form of a compression 1gnition engine (1.€., diesel engine) or
a spark 1gnition engine (1.¢., gasoline engine). Many of the
work vehicles, such as a motor grader, have a direct drive
transmission (or direct drive modes) 1n which the output of
the engine 1s directly coupled to the wheels of the work
vehicle. In such arrangements, it may be desirable to
improve regulation of the torque through the drive train.

SUMMARY OF THE DISCLOSURE

The disclosure provides a power system that regulating
output torque of a work vehicle.

In one aspect, the disclosure provides a power system for
providing power to a driven component of a work vehicle.
The power system includes an engine configured to generate
power; a sensor configured to determine an engine speed
associated with the engine; and a transmission. The trans-
mission 1includes an mput element configured to receive the
power from the engine as input torque; an output element
configured to provide at least a portion the power from the
engine as output torque to the driven component; and a
clutch arrangement coupled to the mput element and the
output element to transform the input torque into output
torque. The clutch arrangement includes at least one clutch
selectively positionable between a fully engaged state in
which approximately all of the input torque 1s transformed
into the output torque, a partially engaged state in which a
portion of the input torque 1s transformed into the output
torque as a resultant torque fraction, and a fully disengaged
state 1n which no 1nput torque 1s transiformed into the output
torque. The power system includes a controller coupled to
receive data of the engine speed from the sensor. The
controller 1s further coupled to the at least one clutch and
configured to generate clutch commands based at least 1n
part on the engine speed to position the at least one clutch
into the fully engaged state, the partially engaged state, or
the fully disengaged state.

In another aspect, the disclosure provides a transmission
controller for a transmission of a work vehicle with a clutch
arrangement to transform input torque from an engine into
output torque to drive a drive train. The transmission con-
troller includes a processor and memory storing one or more
computer programs executable by the processor to perform
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2

transmission control operations. The transmission control
operations include receiving a default mode selection for
implementing a default mode or a torque control mode
selection for implementing a torque control mode; receiving
data of an engine speed of the engine; and generating, upon
implementation of the 1n the torque control mode, clutch
commands based on the engine speed for the clutch arrange-
ment to place at least one clutch of the clutch arrangement
into a fully engaged state in which approximately all of the
input torque 1s transformed into the output torque, a partially
engaged state 1 which a portion of the mput torque is
transformed into the output torque as a resultant torque
fraction, or a fully disengaged state 1n which no iput torque
1s transformed into the output torque.

The details of one or more embodiments are set forth 1n
the accompanying drawings and the description below.
Other features and advantages will become apparent from
the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of an example work vehicle in the
form of a motor grader in which a power system may be
implemented 1n accordance with this disclosure;

FIG. 2 1s a schematic block diagram of the power system
for the work vehicle of FIG. 1 1in accordance with an
example embodiment;

FIG. 3 1s a schematic representation of an example
transmission of the power system of FIG. 2 1n accordance
with an example embodiment;

FIG. 4 1s a graphical representation of resultant torque
fractions as a function of engine speed 1n a torque control
mode of the power system of FIG. 2 in accordance with an
implementation of an example embodiment; and

FIG. 5 1s a graphical representation of resultant torque
fractions as a function of time during a braking event in the
torque control mode of the power system of FIG. 2 1n

accordance with a further implementation of an example
embodiment.

Like reference symbols 1n the various drawings indicate
like elements.

DETAILED DESCRIPTION

The following describes one or more example embodi-
ments ol the disclosed system and method for regulating
output torque 1n a work vehicle, as shown in the accompa-
nying figures of the drawings described briefly above. Vari-
ous modifications to the example embodiments may be
contemplated by one of skill in the art.

As used herein, unless otherwise limited or modified, lists
with elements that are separated by conjunctive terms (e.g.,
“and”) and that are also preceded by the phrase “one or more
of” or “at least one of” indicate configurations or arrange-
ments that potentially include individual elements of the list,
or any combination thereof. For example, “at least one of A,
B, and C” or “one or more of A, B, and C” indicates the
possibilities of only A, only B, only C, or any combination
of two or more of A, B, and C (e.g., Aand B; B and C; A
and C; or A, B, and C).

Generally, work vehicles may include power systems with
engines to produce torque in a wide range ol applications,
such as motor graders, long-haul trucks, tractors, agricul-
tural or construction vehicles, surface mining equipment,
non-electric locomotives, stationary power generators and
the like. In some work vehicles, the engine 1s directly
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mechanically coupled with a direct drive transmission to a
vehicle driven component, such as the propulsion or drive
wheels.

As used herein, “direct mechanical” power transmission
or “direct drive” transmission may include transmission of
mechanical power by direct physical connection, through
various 1ntegrally formed parts, or via various intervening,
mechanical elements such as a gear set to modily rotational
speeds. In contrast, for example, power transmission using
a torque converter or other flmud coupling may not be
considered a “direct mechanical” transmission. As used
herein, “between” may refer to a location with respect to a
flow of power, rather than an actual physical location. As
such, for example, a clutch device may be viewed as located
“between” an engine and an output element power-conver-
sion device 1f power 1s routed from the engine through the
clutch device 1n order to reach the output element.

In some embodiments, a vehicle or transmission control-
ler selectively operates 1n a torque control mode 1n which
clutch commands are generated to transform input torque
into output torque as a function of engine speeds. In par-
ticular, at relatively low engine speeds, the controller gen-
erates clutch commands to place the clutches of the trans-
mission clutch arrangement into partially engaged states to
generate resultant torque fractions of output torque that are
less than the input torque. The manner 1n which the con-
troller increases and decreases the resultant torque fractions
in view of the engine speeds may vary based on gear
selection, as well as braking characteristics. In eflect, the
torque control mode enables enhanced control of the trans-
mission such that the engine may operate at relatively high
speeds that avoid stall, even while enabling the relatively
slower output and reduced output torque at the wheels than
would otherwise be possible with the gear ratios of the
transmission.

The following describes one or more example implemen-
tations of the disclosed systems and methods for improving,
operation ol power systems, particularly with respect to
operating a direct drive transmission. Discussion herein may
sometimes focus on the example application of transmission
arrangement 1n a motor grader, but the disclosed systems and
methods are applicable to other types of work vehicles
and/or other types of engine and transmission systems.

Referring to FIG. 1, in some embodiments, the disclosed
systems and methods may be used with a work vehicle 100
having a power system 102 that enables selective operation
in a torque control mode 1n which torque may be addition-
ally moderated within the power system 102. Generally,
various functions of the power system 102 and/or the work
vehicle 100, including the torque control mode, may be
implemented with a controller 104, which will be discussed
below 1n greater detail after a brief introduction of the work
vehicle 100. Although not shown or described in detail
herein, the work vehicle 100 may include any number of
additional or alternative systems, subsystems, and elements.

In this example, the work vehicle 100 1s a road or motor
grader (“grader”) with a chassis 106 supporting the power
system 102 that generates power to propel or move the work
vehicle 100, as well as providing power for various work
functions of the work vehicle 100. The power system 102
includes a number of axles 108, each supporting one or more
wheels 110, and a prime mover (e.g., an “engine”) 112 that
generates the power, typically in the form of output torque
via a transmission 114, to drive one or more of the axles 108
and wheels 110. The work vehicle 100 may have any number
of axles 108 and associated drive wheels 110, including the
first, second, and third axles 108 and corresponding wheels
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4

110. The power system 102 may drive some or all of the
wheels 110 (e.g., only the rear wheels, both the front and rear
wheels, and the like) based on the configuration of the
transmission 114 and associated drive components.
Although the depicted embodiment includes wheels 110,
any suitable output element or mechanism for engaging a
support surface (e.g. the ground) may be provided, including
tires, continuous tracks, or other traction devices. In some
examples, the engine 112, transmission 114, and wheels 110
may be considered part of a drive train. Additionally, a brake
116 may be provided to stop or slow rotation of the wheels
110 and overall movement of the vehicle 100.

The work vehicle 100 turther includes an implement 118
for performing one or more work functions. In this example,
the implement 118 1s a ground engaging tool with a blade
located between the second and third axles 108 that scrapes
and flattens the support surface during a grading operation.
The implement 118 may include alternative or additional
implements such as a ripper, a scarifier, a front attachment,
a plough, a sweeper, a shovel, and the like, and further may
be located 1n various positions. The implement 118 may be
driven by power from the power system 102 for various
types of actuation based on commands from the controller
104 or other suitable mechanism.

Returning to the power system 102, the engine 112 1s any
power source to provide rotational driveline power, which
includes an input power to the transmission 114 to subse-
quently transfer the power to the wheels 110 as output
torque. For example, the engine 112 may include, but 1s not
limited to, an 1internal combustion engine, a piston engine, a
rotary engine, a hydraulic motor, a hydrostatic system, an
clectric motor, etc. The term “engine” used herein 1s not
limited to any particular type of prime mover.

Broadly, the transmission 114 may be embodied as a
single-speed or multi-speed transmission, or infinitely-vari-
able transmission through direct coupling means, torque
converter drives, hydrostatic drives, electric motor drives, or
any other transmission known now or in the future to those
having ordinary skill in the art. As one example, a direct
drive multi-speed transmission may be provided in which
the transmission 114 1s coupled to the wheels 110 by direct
physical connection, through various integrally formed
parts, or via various intervening mechanical elements such
as a gear set to modily rotational speeds. Generally, the
embodiments of the power system 102 discussed herein may
be applied to any power transmission system containing a
friction element or any other transmission system capable of
varying levels of torque application.

In this example and as discussed 1n greater detail below,
the transmission 114 may include an input side element 120
and an output side element 122 coupled through a clutch
arrangement 124 with various elements capable of transmiut-
ting torque. The 1nput side element 120 receives the power
from the engine 112 as iput torque, and the clutch arrange-
ment 124 transforms the mput torque nto an output torque
on the output side element 122. For example, the output
torque from the output side 122 1s geared directly to and
drives one or more of the wheels 110.

Generally, the clutch arrangement 124 includes one or
more clutches, each with cooperating elements configured to
trictionally engage one another to transmit at least a portion
of the torque through the respective clutch and to disengage
from one another to cut ofl the transmission ol torque
through the respective clutch. In one example, each clutch of
the clutch arrangement 124 may be associated with a pres-
sure or proportional control valve that receives or releases
pressure to reposition the respective clutch elements based
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on commands from the controller 104. For example, the
controller 104 generates clutch commands 1 the form of a
controlled current to the control valve such that the clutch
pressure 1s adjusted 1n proportion to the current. It should be
understood that the clutch engagement may be controlled in
other suitable ways.

As such, the controller 104 may command the clutches
into varying levels of engagement to represent selected
clutch states. In one example, the clutch states may include
a Tully engaged state in which the two clutch elements are
completely engaged to transmit eflectively or approximately
all of the torque through the respective clutch; a fully
disengaged state in which the two clutch elements are
completely disengaged to transmit none of the torque
through the respective clutch; and a partially engaged state
in which the two clutch elements are partially engaged to
transmit a portion of the torque through the clutch. The
partially engaged state corresponds to a range of engage-
ments or clutch pressures between less than fully engaged
and more than disengaged. The fully engaged state and the
partially engaged state may be considered “actuated” states.
As used herein, 1n reference to the tully engaged state, the
term “eflectively or approximately all of the torque™ refers
to the output torque being equal to the mput torque, subject
to normal efliciency loses through the transmission, e.g.,
such that the output torque 1s above 90% or 95% of the 1nput
torque. As described in greater detail below, the controller
104 may command selected amounts of pressure to a single
clutch or a combination of clutches to transmit a desired
amount of torque between the input side element 120 and the
output side element 122, and thus, between the engine 112
and the axles 108 or wheels 110, thereby enabling a regu-
lation of the amount of output torque. Additional informa-
tion regarding the operation of the clutch arrangement 124
1s provided in greater detail below.

The vehicle 100 may additionally include a cab 126 that
houses an operator, as well as various components to facili-
tate operation of the vehicle 100 by the operator, including
a throttle 128, a gear selection element 130, a brake 1nput
clement 132, a mode selection element 134, and a display
device 136. Generally, the throttle 128 may receive an input
from the operator representing a speed or power request.
Subject to gear changes, an increase in throttle position
typically increases the speed of the engine 112, and a
decrease 1n throttle position typically decreases the speed of
the engine 112. The gear selection element 130 receives an
input from the operator representing a gear or speed ratio
selection (a “gear selection™) for the transmission 114. In
some examples, the gear selection element 130 may be
omitted and/or the gear selection may be automated by the
controller 104. The brake input element 132 receives an
input from the operator representing a request to slow or stop
the wheels 110 of the vehicle 100 with the brake 116.

The mode selection element 134 may receive operator
input representing a selected mode associated with the
power system 102. In one example, operation of the power
system 102 may be considered to include a first or default
mode and a torque control mode, although other modes may
be provided. Generally, and as discussed 1n greater detail
below, 1n the default mode, the controller 104 selectively
commands the clutches of the clutch arrangement 124 of the
transmission 114 into engaged states and disengaged states;
and 1n the torque control mode, the controller 104 selectively
commands the clutches of the clutch arrangement 124 of the
transmission 114 into engaged states, disengaged states, and
partially engaged states, thereby enabling additional control
of the torque through the transmission 114.
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Generally, the throttle 128, gear selection element 130,
brake mmput element 132, and mode selection element 134
may take any suitable form, including levers, buttons, knobs,
graphical user interface elements incorporated 1nto the dis-
play device, switches, pedals, joysticks, keyboards, audible
devices, microphones associated with a speech recognition
system, or various other human-machine interface devices.
The display device 136 may also take any form, such as a
monitor, that 1s operatively coupled to controller 104 for
providing visual feedback to the operator. In one embodi-
ment, display device 136 1s provided as a simple flat screen
display tablet in operator cab 126. In other embodiments,
display device 136 1s a heads-up style display where images
are projected or otherwise displayed, for example, on the
windows ol operator cab 126. Generally, the display device
136 may display or otherwise communicate the selected
power system mode and other information associated with
the power system 102 to the operator, as discussed 1n greater
detail below. In some examples, one or more of the throttle
128, the gear selection element 130, the brake input element
132, and/or the display device 136 may be omitted and/or
associated functions automated.

The vehicle 100 may further include one or more sensors
to collect information associated with the vehicle 100. In one
example, the sensors may include an engine speed sensor
138 that measures engine speed, typically i the form of
rotations per minute (RPM) at the engine output shait (not
shown) or the transmission mput side element 120. Other
sensors may be provided. For example, in some embodi-
ments, a temperature sensor associated with the clutch
arrangement 124 and/or transmission 114 may be provided.

As noted above, the controller 104 1s provided to control
various operational aspects of the work vehicle 100. Gen-
erally, the controller 104 may recerve mputs from a number
of sources, including the operator via the throttle 128, gear
selection element 130, brake mnput element 132, and mode
selection element 134, as well as from various sensors, units,
and systems onboard or remote from the vehicle; and 1n
response, the controller 104 generates one or more types of
commands for implementation by the various systems of
vehicle 100. As one example discussed in greater detail
below, the controller 104 may facilitate operation of the
power system 102, particularly with respect to implementing
the default mode and the torque control mode to regulate
torque through the transmission 114. Moreover, the control-
ler 104 may generate display signals associated with this
operation on the display device 136.

Broadly, the controller 104 may be configured as a
computing device with associated processor devices and
memory architectures, as a hard-wired computing circuit (or
circuits), as a programmable circuit, as a hydraulic, electrical
or electro-hydraulic controller, or otherwise. As such, the
controller 104 may be configured to execute various com-
putational and control functionality with respect to the work
vehicle 100 (or other machinery). In some embodiments, the
controller 104 may be configured to receive input signals 1n
various formats (e.g., as hydraulic signals, voltage signals,
current signals, and so on), and to output command signals
in various formats (e.g., as hydraulic signals, voltage sig-
nals, current signals, mechanical movements, and so on). In
some embodiments, the controller 104 (or a portion thereot)
may be configured as an assembly of hydraulic components
(e.g., valves, flow lines, pistons and cylinders, and so on),
such that control of various devices (e.g., pumps or motors)
may be implemented with, and based upon, hydraulic,
mechanical, or other signals and movements.
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As 1ntroduced above and discussed 1n greater detail
below, the power system 102 may have default and torque
control modes 1 which the controller 104 generates clutch
commands for the clutch arrangement 124 to regulate output
torque to the wheels 110. In the torque control mode, the
commanded clutch pressures within the transmission 114 are
such that only a fraction of the torque 1s transferred through
the clutch arrangement 124 of the transmission 114, thereby
resulting in reduced output torque at the output element
being transierred to drive wheels 110. The operation of the
power system 102, particularly during the torque control
mode, will be discussed 1n greater detail with reference to
FIG. 2.

Referring to FIG. 2, there 1s shown a schematic repre-
sentation of the power system 102 for providing power to the
vehicle 100 of FIG. 1 with data flows indicating example
operation. Generally, the controller 104 may be embodied as
a processor 140 and memory 142 1n which the processor 140
implements the various functions of the power system 102
described herein by executing programs or instructions
stored 1n memory 142. Further, memory 142 may be con-
sidered to include a database or other type of data storage for
storing system parameters and/or schedules for evaluating
the data mputs and generating commands 1n response, as
discussed in greater detail below. The controller 104 may be
considered a vehicle controller or a dedicated transmission
controller to 1implement operation of the transmission 114
during the various modes.

As shown, the controller 104 receives various inputs,
including a mode selection from the mode selection element
134, a power request from the throttle 128, a gear selection
from the gear selection element 130, and a brake request
from the brake input element 132. The controller 104 further
receives data associated with engine speed from the engine
speed sensor 138.

Regardless of the mode, the controller 104 generates
engine commands for the engine 112 based on the power
requests and brake commands for the brakes 116 based on
the brake requests. In response, the engine 112 implements
the engine commands, and the brakes 116 implement the
brake commands. Although not shown and/or discussed in
greater detail, the controller 104 may also receive operating
input associated with the implement 118 and generate asso-
ciated implement commands to perform various work func-
tions. Such commands may be based on look-up tables
and/or instructions stored in memory 142.

Initially, 1n view of the mode selection, the controller 104
determines the current mode and modifies the mode 1t the
mode selection differs from the current mode or maintains
the mode 11 the mode selection matches the current mode. As
noted above, the mode selection may correspond to the
default mode or the torque control mode. The operation of
the transmission 114 during the default mode and the torque
control mode will now be described.

During the default mode, the controller 104 generates
clutch commands for the clutch arrangement 124 corre-
sponding to the gear selection. The controller 104 may
generate the clutch commands (e.g., as particular currents
for the clutch control valves) based on a default mode
schedule stored as a look-up table in memory 142 or other
suitable mechanism. As described 1n greater detail below
with reference to the example clutch arrangement 124
depicted 1n FIG. 3, the clutch commands generated by the
controller 104 function to actuate selected clutches and/or to
maintain other selected clutches as unactuated (or disen-
gaged) within the clutch arrangement 124 to implement
particular gear ratios between engine 112 and wheels 110.
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Notably, in the default mode, the actuated clutches of the
clutch arrangement are placed into tully engaged states such
that eflectively all of the torque from the engine 112 1s
transterred across the engaged clutches to the wheels 110.

Reference 1s brietly made to FIG. 3, which 1s a relatively
simple example of a clutch arrangement 124 that may
implement the default mode (and the torque control mode,
discussed below) for the power system 102 described herein.
In the example of FIG. 3, the clutch arrangement 124 1is
positioned between the mput side element 120 in the form of
an mput shait 150 with an mput gear element 152 attached
thereto and the output side element 122 1n the form of an
output shaft 154 with an output gear element 156 attached
thereto. The depicted clutch arrangement 124 further
includes a first clutch 158, a second clutch 160, a third clutch
162, and a fourth clutch 164 that are coupled together via a
coupling shait 166. The first and third clutches 158, 162 are
selectively engaged with the mput gear element 152, and the
second and fourth clutches 160, 164 are selectively engaged
with the output gear element 156. As such, 1n this example,
the engine 112 1s connected by mechanical power-transier
connections (e.g., a rotating shaft, various gears, clutches,
and so on), but not by a torque converter or power-conver-
sion device, although other examples may have different
configurations. In this way, when combinations of the
clutches 158, 160, 162, 164 are engaged, as described below,
a direct mechanical connection may be established between
engine 112 and the wheels 110. It will be understood, for this
and other examples, that various other transmission types or
configurations may additionally (or alternatively) be
employed.

As noted above, the controller 104 generates the clutch
commands to actuate one or more of the clutches 158, 160,
162, 164 to implement various gear ratios (or “‘gears’)
between the mput shait 150 and the output shaft 154. For
example 1n the default mode, 1 a first gear, the first and
second clutches 158, 160 are placed 1n fully engaged states
and the third and fourth clutches 162, 164 are in fully
disengaged states; 1n a second gear, the second and third
clutches 160, 162 are placed 1n fully engaged states and the
first and fourth clutches 158, 164 are in fully disengaged
states; 1n a third gear, the first and fourth clutches 158, 164
are placed 1n fully engaged states and the second and third
clutches 160, 162 are i fully disengaged states; and 1n a
fourth gear, the third and fourth clutches 162, 164 are placed
in fully engaged states and the first and second clutches 158,
160 arec in fully disengaged states. In this manner, the
controller 104 may modily the gear ratios from the engine
112 to the wheels 110 according to the gear selection from
the mnput side element 120. As noted above, in this default
mode, the actuated clutches 158, 160, 162, 164 are fully
engaged and no clutch 1s commanded into the partially
engaged state.

Referring again to FIG. 2, upon recerving a mode selec-
tion representing the torque control mode, the controller 104
initiates operation of the power system 102 in the torque
control mode. Generally, the controller 104 generates the
clutch commands based on a torque control mode schedule
that may be stored as a look-up table 1n memory 142. As in
the default mode, the controller 104 generates clutch com-
mands for the clutch arrangement 124 corresponding to the
gear selection from the 1mput side element 120. Further, the
controller 104 during the torque control mode additionally
generates the clutch commands as a function of the engine
speed and may place selected clutches 1n partially engaged
states, fully engaged states, or fully disengaged states. In
particular, and in contrast to the default mode, the controller
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104 1n the torque control mode further utilizes partially
engaged states of the clutches to modily output torque
through the clutch arrangement 124. In eflect, the extent of
actuation of the actuated clutches during the torque control
mode 1s based on the engine speed such that at certain
speeds, the actuated clutches are commanded into the par-
ticular partially engaged states and at other speeds, the
actuated clutches are commanded into the tully engaged
states. In this manner, each clutch 1n a partially engaged state
experiences mdividual slip to, 1in eflect, reduce the potential
cliciency of the clutch relative to the fully engaged state
such that only a portion of the torque 1s transferred through
the transmission.

Referring again to FIG. 3, the actuation or non-actuation

of the clutches 158, 160, 162, 164 of clutch arrangement 124

in the torque control mode generally corresponds to the that
of the default mode, except that each the actuated clutches

158, 160, 162, 164 may be actuated into the fully engaged

state or the partially engaged state. In particular for the
torque control mode, 1n the first gear, the first and second
clutches 158, 160 are actuated into fully or partially engaged
states and the third and fourth clutches 162, 164 are 1n fully
disengaged states; 1n the second gear, the second and third
clutches 160, 162 are actuated into fully or partially engaged
states and the first and fourth clutches 158, 164 are 1n fully
disengaged states; in the third gear, the first and fourth
clutches 158, 164 are actuated into fully or partially engaged
states and the second and third clutches 160, 162 are 1n fully
disengaged states; and 1n the fourth gear, the third and fourth
clutches 162, 164 are actuated into fully or partially engaged
states and the first and second clutches 158, 160 are 1n fully
disengaged states. In summary, in the torque control mode,
the clutches 158, 160, 162, 164 that are not disengaged may
be actuated into partially or fully engaged states to control
torque through the transmission 114.

The extent of actuation of each clutch 158, 160, 162, 164
within a partially engaged state or into the fully engaged
state may be based on engine speed according to predeter-
mined torque control mode schedules of clutch currents that
correspond to clutch pressures (e.g., “eflective clutch pres-
sures’”) to result 1in predetermined torque fractions relative to
the torque of fully engaged actuated clutches 158, 160, 162,
164 of the clutch arrangement 124 (e.g., a “resultant torque
fraction”). Generally, the term resultant torque fraction may
refer to the portion of torque transformed through the
combination of actuated clutches 158, 160, 162, 164 of the
clutch arrangement 124. In some examples, only one of the
actuated clutches 138, 160, 162, 164 may be partially
engaged to result 1n a resultant torque fraction of less than
100%. In other words, only a single partially engaged clutch
158, 160, 162, 164 may implement the modified torque
output such that the amount of torque not transferred across
the partially engaged clutch 158, 160, 162, 164 also corre-
sponds to the amount of torque not transferred through the
clutch arrangement 124. In other examples, combinations of
clutches 158, 160, 162, 164 may be partially engaged to
result 1n the resultant torque fraction of less than 100%. In
other words, two or more partially engaged clutches 158,
160, 162, 164 may, in combination, result 1n the resultant
torque fraction of less than 100%. As such, in the discussion
below, the “eflective clutch pressure” that generates the
resultant torque fraction may be implemented in a single
clutch 158, 160, 162, 164 or a combination of actuated
clutches 158, 160, 162, 164. In any event, the resultant
torque fraction may be a function of engine speed, as well
as other parameters, such as the selected gear.
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One example torque control mode schedule 180 1s rep-
resented 1n FIG. 4 that depicts resultant torque fractions
from the corresponding effective clutch pressures on a
vertical axis 182 1n view of engine speeds on a horizontal
axis 184. In particular, torque control mode schedule 180
may have a stored look-up table of clutch commands as a
function of engine speeds (and optionally gear selections) 1n
the form of currents to implement the eflective clutch
pressures that generate the resultant torque {ractions
depicted i FIG. 4. For example, a resultant torque fraction
of 50% indicates that one or more clutches of the actuated
clutches within a clutch arrangement 124 for a particular
gear selection 1s actuated into a partially engaged state (or
states) such that the output torque of the clutch arrangement
124 1s approximately 50% of the input torque.

The nature of the relationship between engine speed and
resultant torque Iraction may vary based on the selected
gear. For example, the torque control mode schedule 180 of
FIG. 4 includes a first schedule portion 185 corresponding to
the first gear, a second schedule portion 186 corresponding
to the second gear, a third schedule portion 187 correspond-
ing to the third gear, and a fourth schedule portion 188
corresponding to the fourth gear.

In the first gear and referring to the clutch arrangement
124 1n the example of FIG. 3, the controller 104 generates
clutch commands to actuate the first and second clutches
158, 160. As reflected by the first schedule portion 185, the
controller 104 places the first and/or second clutches 158,
160 1n partially engaged states such that the resultant torque
fraction 1s approximately 10% through the transmission 114
at engine speeds of less than 800 rpm. Between 800 rpm and
about 1200 rpm, the resultant torque {fraction increases
proportionally with engine speed at a first rate from approxi-
mately 10% to about 60%; and between about 1200 rpm and
about 1250 rpm, the resultant torque {raction increases
proportionally with engine speed at a second rate from
approximately 60% to about 100%. As such, the resultant
torque fraction 1s more sensitive (€.g., increases at a greater
rate) to engine speed at engine speeds between 1200 rpm and
1250 rpm. Above 1250 rpm, the resultant torque fraction 1s
100%, indicating that the first and second clutches 158, 160
are 1n fully engaged states and all of the torque 1s transferred
across the actuated clutches 158, 160 between the input shaft
150 and the output shaft 154.

In the second gear, the controller 104 generates clutch
commands to actuate the second and third clutches 160, 162.
As retlected by the second schedule portion 186, the con-
troller 104 places the second and third clutches 160, 162 in
partially engaged states such that the resultant torque frac-
tion 1s approximately 10% through the transmission 114 at
engine speeds of less than 800 rpm. Between about 800 rpm
and 900 rpm, the resultant torque fraction increases propor-
tionally with engine speed at a first rate from approximately
10% to about 25%; between about 900 rpm and 1100 rpm,
the resultant torque fraction increases proportionally with
engine speed at a second rate from approximately 25% to
about 65%; and between about 1100 rpm and 1200 rpm, the
resultant torque Iraction increases proportionally with
engine speed at a third rate from approximately 65% to
about 100%. As such, the resultant torque fraction in the
second gear 1s generally more sensitive (e.g., mncreases at a
greater rate) to engine speed as compared the first gear.
Above 1200 rpm, the resultant torque fraction i1s 100%,
indicating that the second and third clutches 160, 162 are 1n
tully engaged states and all of the torque is transierred across
the actuated clutches 160, 162 between the input shaft 150
and the output shaft 154.
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In the third gear, the controller 104 generates clutch
commands to actuate the first and fourth clutches 158, 164.
As reflected by the third schedule portion 187, the controller
104 places the first and fourth clutches 158, 164 in partially
engaged states such that the resultant torque fraction 1is
approximately 20% through the transmission 114 at engine
speeds of less than 800 rpm. Between about 800 rpm and
900 rpm, the resultant torque fraction increases proportion-
ally with engine speed at a first rate from approximately 20%
to about 30%; and between about 900 rpm and 1200 rpm, the
resultant torque {Iraction increases proportionally with
engine speed at a second rate from approximately 30% to
about 100%. As such, the resultant torque fraction in the
third gear 1s generally more sensitive (e.g., increases at a
greater rate) to engine speed as compared the first and
second gears. Above 1200 rpm, the resultant torque fraction
1s 100%, indicating that the first and fourth clutches 158, 164
are 1n fully engaged states and all of the torque 1s transferred
across the actuated clutches 158, 164 between the input shaft
150 and the output shait 154.

In the fourth gear, the controller 104 generates clutch
commands to actuate the third and fourth clutches 162, 164.
As reflected by the fourth schedule portion 188, the con-
troller 104 places the third and fourth clutches 162, 164 in
partially engaged states such that the resultant torque frac-
tion 1s approximately 20% through the transmission 114 at
engine speeds of less than 800 rpm. Between about 800 rpm
and 900 rpm, the resultant torque fraction increases propor-
tionally with engine speed at a {irst rate from approximately
20% to about 40%; and between about 900 rpm and 1100
rpm, the resultant torque fraction increases proportionally
with engine speed at a second rate from approximately 40%
to about 100%. As such, the resultant torque fraction in the
fourth gear 1s generally more sensitive (e.g., increases at a
greater rate) to engine speed as compared the first, second,
and third gears. Above 1100 rpm, the resultant torque
fraction 1s 100%, indicating that the third and fourth clutches
162, 164 are 1n tully engaged states and all of the torque 1s
transferred across the actuated clutches 162, 164 between
the mput shait 150 and the output shait 154.

In one embodiment, and additionally referring to FIG. 2,
the controller 104 may generate display signals for the
display device 136 that depicts information regarding opera-
tion of the power system 102, including the current power
system mode, the resultant torque fraction, the current gear,
and/or the current engine speed. Other parameters and
characteristics may be depicted.

In some embodiments, the controller 104 may addition-
ally implement the torque control mode with consideration
for a “braking event” (e.g., the receipt of a braking request
from the brake mput element 132 and the generation of a
braking command for the brakes 116). A further example of
a torque control mode schedule 190 1s represented in FIG. 5
that depicts resultant torque fractions from the correspond-
ing effective clutch pressures on a vertical axis 192 1n view
of time on a horizontal axis 194 during a braking event. In
particular, torque control mode schedule 190 may have a
stored look-up table of clutch commands 1in the form of
currents to 1implement the eflective clutch pressures that
generate the resultant torque fractions depicted in FIG. 5.
The nature of the relationships between resultant torque
fractions and time during and after a braking event may vary
based on the selected gear. For example, the torque control
mode schedule 190 of FIG. 5 includes a first schedule
portion 195 corresponding to the first gear, a second sched-
ule portion 196 corresponding to the second gear, a third
schedule portion 197 corresponding to the third gear, and a
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fourth schedule portion 198 corresponding to the fourth
gear. In the example of FIG. 5, a braking event (e.g., a
braking request from the brake mput element 132) 1s
reflected at time of 1 second.

Without the braking event, the torque control mode sched-
ule 190 may approximate any suitable torque control mode
schedule, such as the torque control mode schedule 180 of
FIG. 4. The torque control mode schedule 190 of FIG. 5
reflects the impact of a braking event on the resultant torque
fractions. Upon a braking event, the controller 104 com-
mands clutch pressures that provide a resultant torque frac-
tion of approximately 5% 1n all of the gears. The collective
value of the resultant torque fraction that results from the
braking event may be considered a minimum resultant
torque fraction. At a time of 2 seconds, the controller 104
increases the resultant torque fraction at one or more ramp
rates based on the selected gear to meet (or “return™) the
resultant torque fraction of a torque control mode schedule
(e.g., schedule 180) without the braking event based on
engine speed. As reflected by the first schedule portion 195,
the controller 104 increases the resultant torque fraction to
approximately 100% by a time of 5 seconds in the first gear.
As retlected by the second and third schedule portions 196,
197, the controller 104 increases the resultant torque frac-
tions to approximately 100% by a time of 4 seconds in the
second and third gears, albeit at different ramp rates. As
reflected by the fourth schedule portion 198, the controller
104 increases the resultant torque fraction to approximately
100% by a time of 3.5 seconds 1n the fourth gear.

As noted above, although the schedule portions 185-188
of FIG. 5 depict a return to a resultant torque portion of
100%, 1in one example, the schedule portions 185-188 may
return to the appropnate value of resultant torque portion in
view ol engine speed, such as reflected by the schedule 180
of FIG. 4. For example, considering the schedules 180, 190
of FIGS. 4 and 5, at engine speeds above 1200 rpm during
a braking event, the schedule 190 of FIG. 5 will be imple-
mented as depicted for all gears. However, at lower engine
speeds during a braking event, the resultant torque fraction
of FIG. 4 1s further modified by the resultant torque fraction
of FIG. 5. For example, at a time of 3 seconds after a braking
event with an engine speed of 900 rpm 1n the fourth gear, the
resultant torque fraction 1s approximately 24% (e.g., the
resultant torque fraction of 60% after the braking event of
schedule 190 as the controller 104 returns to the resultant
torque fraction of 40% of schedule 180). As such, the
controller 104 enables operation of the transmission 114
with the torque control mode during braking events to slow
the vehicle 100 in view of braking commands without
slowing the engine speed.

In one embodiment, and additionally referring to FIG. 2,
the controller 104 may generate display signals for the
display device 136 that depicts information regarding opera-
tion of the power system 102 during the braking event,
including an indication representing the braking event, the
current mode, the resultant torque fraction, the current gear,
and/or the current engine speed. Other parameters and
characteristics may be provided.

Although FIGS. 4 and 5 depict example torque control
mode schedules 180, 190 and schedule portions 185-188,
195-198, the various characteristics may vary in any suitable
manner. For example, the changes i the resultant torque
fractions may be non-linear and/or consistent across difler-
ent gears.

As noted above, one or more temperature sensors may be
provided to collect temperature information associated with
clutch arrangement 124 and/or transmission 114, particu-
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larly during the torque control mode 1n which the partially
engaged clutches may generate heat. In some embodiments,
this temperature information may be considered as part of a
mechanism for protecting the clutch arrangement.

Accordingly, embodiments discussed herein provides a
vehicle or transmission controller that selectively operates in
a torque control mode in which clutch commands are
generated to transform 1nput torque mto output torque as a
function of engine speeds. In particular, at relatively low
engine speeds, the controller generates clutch commands to
place the clutches of the transmission clutch arrangement
into partially engaged states to generate resultant torque
fractions of output torque that are less than the mput torque.
The manner 1n which the controller increases and decreases
the resultant torque fractions 1n view of the engine speeds
may vary based on gear selection, as well as braking
characteristics. In effect, the torque control mode enables
enhanced control of the transmission such that the engine
may operate at relatively high speeds that avoid stall, even
while enabling the relatively slower output and reduced
output torque at the wheels than would otherwise be possible
with the gear ratios of the transmission.

Among other benefits, example embodiments may pro-
vide a direct drive transmission arrangement with a combi-
nation of control and efliciency, but without the need for a
torque converter or other tfluid coupling between the engine
and various other components of the power train. The
disclosed power train characteristics may be used advanta-
geously 1 a variety of settings and with a variety of
machinery.

As will be appreciated by one skilled 1n the art, certain
aspects of the disclosed subject matter may be embodied as
a method, system (e.g., a work vehicle control method
implemented by a controller of the work vehicle as a series
of steps), or computer program product. Accordingly, certain
embodiments may be implemented entirely as hardware,
entirely as software (including firmware, resident software,
micro-code, etc.) or as a combination of software and
hardware (and other) aspects. Furthermore, certain embodi-
ments may take the form of a computer program product on
a computer-usable storage medium having computer-usable
program code embodied 1n the medium.

Embodiments of the present disclosure may be described
herein 1n terms of functional and/or logical block compo-
nents and various processing steps. It should be appreciated
that such block components may be realized by any number
of hardware, software, and/or firmware components config-
ured to perform the specified functions. For example, an
embodiment of the present disclosure may employ various
integrated circuit components, €.g., memory elements, digi-
tal signal processing elements, logic elements, look-up
tables, or the like, which may carry out a variety of functions
under the control of one or more microprocessors or other
control devices. In addition, those skilled in the art waill
appreciate that embodiments of the present disclosure may
be practiced 1n conjunction with any number of systems, and
that the work vehicles and the control systems and methods
described herein are merely exemplary embodiments of the
present disclosure.

For the sake of brevity, conventional techniques related to
work vehicle and engine operation, control, and other func-
tional aspects of the systems (and the individual operating
components of the systems) may not be described in detail
herein. Furthermore, the connecting lines shown in the
various ligures contained herein are intended to represent
example functional relationships and/or physical couplings
between the various elements. It should be noted that many
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alternative or additional functional relationships or physical
connections may be present in an embodiment of the present
disclosure.

Conventional techniques related to signal processing, data
transmission, signaling, control, and other functional aspects
of the systems (and the individual operating components of
the systems) may not be described in detail herein for
brevity. Furthermore, the connecting lines shown in the
various ligures contained herein are intended to represent
example functional relationships and/or physical couplings
between the various elements. It should be noted that many
alternative or additional functional relationships or physical
connections may be present in an embodiment of the present
disclosure.

The controller may be on-board, remote, or a combination
thereol and further may be a considered a vehicle controller,
an exhaust treatment system controller, and/or one or more
dedicated controllers for one or more of the components
discussed herein. Generally, the controller may include any
suitable type of processor and memory containing instruc-
tions executable by the processor to carry out the various
functions described herein. The controller may be config-
ured as a hard-wired computing circuit (or circuits), a
programmable circuit, a hydraulic controller, an electrical
controller, an electro-hydraulic controller, or otherwise. As
such, the controller may be configured to execute various
computational and control functionality with respect to the
exhaust treatment system. In some embodiments, the con-
troller may be configured to receive input signals in various
formats (e.g., as hydraulic signals, voltage signals, current
signals, and so on) and to output command signals in various
formats (e.g., as hydraulic signals, voltage signals, current
signals, mechanical movements, and so on).

Any suitable computer usable or computer readable
medium may be utilized. The computer usable medium may
be a computer readable signal medium or a computer
readable storage medium. A computer-usable, or computer-
readable, storage medium (including a storage device asso-
ciated with a computing device or client electronic device)
may be, for example, but 1s not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconduc-
tor system, apparatus, or device, or any suitable combination
of the foregoing. More specific examples (a non-exhaustive
list) of the computer-readable medium would include the
following: an electrical connection having one or more
wires, a portable computer diskette, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an
crasable programmable read-only memory (EPROM or
Flash memory), an optical fiber, a portable compact disc
read-only memory (CD-ROM), an optical storage device. In
the context of this document, a computer-usable, or com-
puter-readable, storage medium may be any tangible
medium that may contain, or store a program for use by or
in connection with the instruction execution system, appa-
ratus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be non-transitory and
may be any computer readable medium that 1s not a com-
puter readable storage medium and that may communicate,
propagate, or transport a program for use by or 1n connection
with an 1nstruction execution system, apparatus, or device.
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Any flowchart and block diagrams in the figures, or
similar discussion above, can 1illustrate the architecture,
functionality, and operation of possible implementations of
systems, methods and computer program products according
to various embodiments of the present disclosure. In this
regard, each block in the flowchart or block diagrams can
represent a module, segment, or portion of code, which
includes one or more executable 1nstructions for implement-
ing the specified logical function(s). It should also be noted
that, in some alternative implementations, the functions
noted 1n the block (or otherwise described herein) can occur
out of the order noted 1n the figures. For example, two blocks
shown 1n succession (or two operations described in suc-
cession) can, 1n fact, be executed substantially concurrently,
or the blocks (or operations) can sometimes be executed 1n
the reverse order, depending upon the Ifunctionality
ivolved. It will also be noted that each block of any block
diagram and/or flowchart illustration, and combinations of
blocks 1n any block diagrams and/or flowchart illustrations,
can be mmplemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations ol special purpose hardware and computer
instructions.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the disclosure. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used 1n this specification, specily the
presence of stated features, integers, steps, operations, ¢le-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, 1ntegers, steps,
operations, elements, components, and/or groups thereof.

Also, the following examples are provided, which are
numbered for easier reference.

1. A power system for providing power to a driven
component of a work vehicle, comprising: an engine con-
figured to generate power; a sensor configured to determine
an engine speed associated with the engine; a transmission
comprising: an nput element configured to receive the
power from the engine as input torque; an output element
configured to provide at least a portion the power from the
engine as output torque to the driven component; and a
clutch arrangement coupled to the mput element and the
output element to transform the input torque into output
torque, the clutch arrangement including at least one clutch
selectively positionable between a fully engaged state in
which approximately all of the input torque 1s transformed
into the output torque, a partially engaged state in which a
portion of the input torque 1s transformed into the output
torque as a resultant torque fraction, and a fully disengaged
state 1n which no 1mput torque 1s transformed 1nto the output
torque; and a controller coupled to recerve data of the engine
speed from the sensor, the controller further coupled to the
at least one clutch and configured to generate clutch com-
mands based at least 1n part on the engine speed to position
the at least one clutch mto the fully engaged state, the
partially engaged state, or the fully disengaged state.

2. The power system of example 1, wherein the transmis-
sion 1s a direct drive transmission.

3. The power system of example 1, wherein the controller
1s configured to selectively operate 1 a default mode accord-
ing to a default mode schedule and 1n a torque control mode
according to a torque control mode schedule; wherein the at
least one clutch comprises a plurality of clutches, including:
a first at least one clutch configured to, upon actuation by the
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clutch commands, transform the input torque into the output
torque at a first gear ratio as a first gear; and a second at least
one clutch configured to, upon actuation by the clutch
commands, transform the imput torque into the output torque
at a second gear ratio as a second gear; and wherein the
controller, in the first gear of the torque control mode, 1s
configured to generate the clutch commands according to a
first schedule portion of the torque control mode schedule,
and 1 the second gear of the torque control mode, is
configured to generate the clutch commands according to a
second schedule portion of the torque control mode schedule
associated with the second gear, the first schedule portion
being different than the second schedule portion.

4. The power system of example 3, wherein the controller,
in the first gear of the default mode, 1s configured to generate
the clutch commands to actuate the first at least one clutch
into the fully engaged state; wherein the controller, 1n the
second gear of the default mode, 1s configured to generate
the clutch commands to actuate the second at least one
clutch into the fully engaged state; wherein the controller, 1n
the first gear of the torque control mode, 1s configured to
generate the clutch commands to actuate the first at least one
clutch between the partially engaged state and the fully
engaged state based on the engine speed according to the
first schedule portion of the torque control mode schedule;
and wherein the controller, in the second gear of the torque
control mode, 1s configured to generate the clutch com-
mands to actuate the second at least one clutch between the
partially engaged state and the fully engaged state based on
the engine speed according to the second schedule portion of
the torque control mode schedule.

5. The power system of example 4, wherein the controller,
in the first gear of the torque control mode, 1s configured to
generate the clutch commands to place the first at least one
clutch into the partially engaged state when the engine speed
1s below a first predetermined engine speed and to place the
first at least one clutch 1nto the fully engaged state when the
engine speed 1s greater than the first predetermined engine
speed; and wherein the controller, 1n the second gear of the
torque control mode, 1s configured to generate the clutch
commands to place the second at least one clutch mto the
partially engaged state when the engine speed i1s below a
second predetermined engine speed and to place the second
at least one clutch into the fully engaged state when the
engine speed 1s greater than the second predetermined
engine speed.

6. The power system of example 5, wherein the controller,
in the first gear of the torque control mode, 1s configured to
generate the clutch commands to place the first at least one
clutch into the partially engaged state when the engine speed
1s below the first predetermined engine speed to transform
the 1input torque 1nto the output torque at the resultant torque
fraction that 1s less than the input torque; and wherein the
controller, in the second gear of the torque control mode, 1s
configured to generate the clutch commands to place the
second at least one clutch into the partially engaged state
when the engine speed 1s below a second predetermined
engine speed to transform the input torque into the output
torque at the resultant torque fraction that 1s less than the
input torque.

7. The power system of example 6, wherein the first
predetermined engine speed 1s different than the second
predetermined engine speed.

8. The power system of example 6, wherein the first at
least one clutch includes at least a first clutch and a second
clutch; and wherein the controller, in the first gear of the
torque control mode, 1s configured to generate the clutch
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commands to place one of the first clutch or the second
clutch of the first at least one clutch into the partially
engaged state when the engine speed 1s below the first
predetermined engine speed to transform the input torque
into the output torque at the resultant torque fraction that 1s
less than the mput torque.

9. The power system of example 6, wherein the first at
least one clutch includes at least a first clutch and a second
clutch; and wherein the controller, in the first gear of the
torque control mode, 1s configured to generate the clutch
commands to place both of the first clutch and the second
clutch of the first at least one clutch into the partially
engaged state when the engine speed 1s below the first
predetermined engine speed to collectively transform the
input torque 1nto the output torque at the resultant torque
fraction that 1s less than the mput torque.

10. The power system of example 6, wherein the control-
ler 1s coupled to receive a braking request and to generate a
braking command for at least one brake of the work vehicle;
and wherein the controller, upon receipt of the braking
request 1n the first gear of the torque control mode, 1s
configured to generate the clutch commands to place the first
at least one clutch into the partially engaged state such that
the resultant torque output fraction 1s a minimum resultant
torque fraction.

11. The power system of example 10, wherein the con-
troller, upon completion of the braking request, 1n the first
gear of the torque control mode, 1s configured to generate the
clutch commands to place the first at least one clutch into the
partially engaged state such that the resultant torque fraction
1s ramped up to the resultant torque fraction according to the
first schedule portion of the torque control mode schedule.

12. The power system of example 3, wherein the control-
ler 1s configured to receive a mode selection from an
operator mode selection element to implement the default
mode or the torque control mode.

13. A transmission controller for a transmission of a work
vehicle with a clutch arrangement to transform input torque
from an engine into output torque to drive a drive train, the
transmission controller comprising: a processor; and
memory storing one or more computer programs executable
by the processor to perform transmission control operations,
including: receiving a default mode selection for implement-
ing a default mode or a torque control mode selection for
implementing a torque control mode; receiving data of an
engine speed of the engine; and generating, upon implemen-
tation of the in the torque control mode, clutch commands
based on the engine speed for the clutch arrangement to
place at least one clutch of the clutch arrangement into a
tully engaged state 1n which approximately all of the mput
torque 1s transformed into the output torque, a partially
engaged state 1n which a portion of the mput torque 1is
transformed into the output torque as a resultant torque
fraction, or a fully disengaged state 1n which no 1nput torque
1s transformed into the output torque.

14. The transmission controller of example 13, wherein
the transmission control operations further include selec-
tively operating in a default mode according to a default
mode schedule and 1n a torque control mode according to a
torque control mode schedule such that, 1n a first gear of the
torque control mode, the clutch commands are generated
according to a first schedule portion of the torque control
mode schedule, and 1n a second gear of the torque control
mode, the clutch commands are generated according to a
second schedule portion of the torque control mode schedule
associated with the second gear, the first schedule portion
being different than the second schedule portion.
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15. The transmission controller of example 14, wherein
the transmission control operations further include selec-
tively operating; 1n the first gear of the default mode, such
that the clutch commands are generated to actuate a first at
least one clutch 1nto the fully engaged state; in the second
gear of the default mode, such that the clutch commands are
generated to actuate a second at least one clutch into the
fully engaged state; in the first gear of the torque control
mode, such that the clutch commands are generated to
actuate the first at least one clutch between the partially
engaged state and the fully engaged state based on the
engine speed according to the first schedule portion of the
torque control mode schedule; and 1n the second gear of the
torque control mode, such that the clutch commands are
generated to actuate the second at least one clutch between
the partially engaged state and the fully engaged state based
on the engine speed according to the second schedule
portion of the torque control mode schedule.

The description of the present disclosure has been pre-
sented for purposes of 1llustration and description, but 1s not
intended to be exhaustive or limited to the disclosure in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without depart-
ing from the scope and spirit of the disclosure. Explicitly
referenced embodiments herein were chosen and described
in order to best explain the principles of the disclosure and
their practical application, and to enable others of ordinary
skill 1n the art to understand the disclosure and recognize
many alternatives, modifications, and varations on the
described example(s). Accordingly, various embodiments
and implementations other than those explicitly described
are within the scope of the following claims.

What 1s claimed 1s:
1. A power system for providing power to a driven
component ol a work vehicle, comprising:
an engine configured to generate power;
a sensor configured to determine an engine speed asso-
ciated with the engine;
a transmission comprising;
an mput element configured to receive the power from
the engine as input torque;
an output element configured to provide at least a
portion of the power from the engine as output
torque to the driven component; and
a clutch arrangement coupled to the input element and
the output element to transform the mput torque into
the output torque, the clutch arrangement including
at least one clutch selectively positionable between a
tully engaged state in which approximately all of the
input torque 1s transformed 1nto the output torque, a
partially engaged state 1n which a portion of the input
torque 1s transformed into the output torque as a
resultant torque fraction, and a fully disengaged state
in which no imput torque 1s transformed into the
output torque; and
a controller coupled to receive data of the engine speed
from the sensor, the controller further coupled to the at
least one clutch and configured to generate clutch
commands based at least in part on the engine speed to
position the at least one clutch into the fully engaged
state, the partially engaged state, or the fully disen-
gaged state;
wherein the at least one clutch comprises a plurality of
clutches, including;:
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a first at least one clutch configured to, upon actuation
by the clutch commands, transform the mput torque
into the output torque at a first gear ratio as a first
gear; and

a second at least one clutch configured to, upon actua-
tion by the clutch commands, transform the input
torque 1nto the output torque at a second gear ratio as
a second gear;

wherein the first at least one clutch includes at least a
first clutch and a second clutch; and

wherein the controller 1s configured to generate the
clutch commands to place both of the first clutch and

the second clutch of the first at least one clutch into

the partially engaged state when the engine speed 1s
below a first predetermined engine speed to collec-
tively transform the input torque into the output
torque at the resultant torque fraction that 1s less than
the mput torque.

2. The power system of claim 1, wherein the transmission
1s a direct drive transmission.

3. The power system of claim 1,

wherein the controller 1s configured to selectively operate

in a default mode according to a default mode schedule
and 1n a torque control mode according to a torque
control mode schedule; and
wherein the controller, 1n the first gear of the torque
control mode, 1s configured to generate the clutch
commands according to a first schedule portion of the
torque control mode schedule, and 1n the second gear of
the torque control mode, 1s configured to generate the
clutch commands according to a second schedule por-
tion of the torque control mode schedule associated
with the second gear, the first schedule portion being
different than the second schedule portion.
4. The power system of claim 3,
wherein the controller, 1n the first gear of the default
mode, 1s configured to generate the clutch commands to
actuate both the first clutch and the second clutch of the
first at least one clutch into the fully engaged state;

wherein the controller, 1in the second gear of the default
mode, 1s configured to generate the clutch commands to
actuate the second at least one clutch ito the fully
engaged state; and

wherein the controller, 1n the second gear of the torque

control mode, 1s configured to generate the clutch
commands to actuate the second at least one clutch
between the partially engaged state and the fully
engaged state based on the engine speed according to
the second schedule portion of the torque control mode
schedule.

5. The power system of claim 4,

wherein the controller, 1n the second gear of the torque

control mode, 1s configured to generate the clutch
commands to place the second at least one clutch into
the partially engaged state when the engine speed 1is
below a second predetermined engine speed to trans-
form the input torque into the output torque at the
resultant torque fraction that i1s less than the input
torque.

6. The power system of claim 5, wherein the first prede-
termined engine speed 1s different than the second predeter-
mined engine speed.

7. The power system of claim 5,

wherein the controller 1s coupled to receive a braking

request and to generate a braking command for at least
one brake of the work vehicle; and
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wherein the controller, upon receipt of the braking request

in the first gear of the torque control mode, 1s config-

ured to generate the clutch commands to place the first
clutch or the second clutch of the first at least one clutch
into the partially engaged state such that the resultant
torque Iraction 1s a minimum resultant torque fraction.

8. The power system of claim 7, wherein the controller,
upon completion of the braking request, 1n the first gear of
the torque control mode, 1s configured to generate the clutch
commands to place the first clutch or the second clutch of the
first at least one clutch 1nto the partially engaged state such
that the resultant torque fraction 1s ramped up to the resultant
torque fraction according to the first schedule portion of the
torque control mode schedule.

9. The power system of claim 3, wherein the controller 1s
configured to receive a mode selection from an operator
mode selection element to implement the default mode or
the torque control mode.

10. A transmission controller for a transmission of a work
vehicle with a clutch arrangement to transform 1nput torque
from an engine into output torque to drive a drive train, the
transmission controller comprising;:

a processor; and

memory storing one or more computer programs execut-

able by the processor to perform transmission control

operations, including:

receiving a default mode selection for implementing a
default mode or a torque control mode selection for
implementing a torque control mode;

receiving data of an engine speed of the engine; and

generating, upon implementation of the torque control
mode, clutch commands based on the engine speed
for the clutch arrangement to place at least one clutch
of the clutch arrangement 1nto a fully engaged state
in which approximately all of the mput torque 1s
transformed 1into the output torque, a partially
engaged state 1n which a portion of the mput torque
1s transformed into the output torque as a resultant
torque fraction, or a fully disengaged state 1n which
no input torque 1s transformed 1nto the output torque;

wherein the at least one clutch comprises a plurality of
clutches, including:

a first at least one clutch configured to, upon actuation
by the clutch commands, transform the mnput torque
into the output torque at a first gear ratio as a first
gear; and

a second at least one clutch configured to, upon actua-
tion by the clutch commands, transform the nput
torque into the output torque at a second gear ratio as
a second gear;

wherein the first at least one clutch includes at least a
first clutch and a second clutch; and

wherein the transmission controller 1s configured to
generate the clutch commands to place both of the
first clutch and the second clutch of the first at least
one clutch into the partially engaged state when the
engine speed 1s below a first predetermined engine
speed to collectively transform the input torque nto
the output torque at the resultant torque fraction that
1s less than the 1nput torque.

11. The transmission controller of claim 10, wherein the
transmission control operations further include selectively
operating 1n a default mode according to a default mode
schedule and in the torque control mode according to the
torque control mode schedule such that, 1n the first gear of
the torque control mode, the clutch commands are generated
according to a first schedule portion of the torque control
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mode schedule, and 1n the second gear of the torque control
mode, the clutch commands are generated according to a
second schedule portion of the torque control mode schedule
associated with the second gear, the first schedule portion
being different than the second schedule portion.

12. The transmission controller of claim 11, wherein the
transmission control operations further include selectively
operating,

in the first gear of the default mode, such that the clutch

commands are generated to actuate the first clutch and
the second clutch of the first at least one clutch into the
tully engaged state;

in the second gear of the default mode, such that the clutch

commands are generated to actuate the second at least
one clutch into the fully engaged state; and

in the second gear of the torque control mode, such that

the clutch commands are generated to actuate the
second at least one clutch between the partially
engaged state and the fully engaged state based on the
engine speed according to the second schedule portion
of the torque control mode schedule.

13. The transmission controller of claim 12, wherein the
transmission control operations further include selectively
operating,

in the second gear of the torque control mode, such that

the clutch commands are generated to place the second
at least one clutch into the partially engaged state when
the engine speed 1s below a second predetermined
engine speed and to place the second at least one clutch
into the fully engaged state when the engine speed is
greater than the second predetermined engine speed.

14. The transmission controller of claim 13, wherein the
transmission control operations further include selectively
operating,
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in the second gear of the torque control mode, such that
the clutch commands are generated to place the second
at least one clutch into the partially engaged state when
the engine speed 1s below the second predetermined
engine speed to transform the mnput torque into the
output torque at the resultant torque fraction that 1s less
than the mput torque.

15. The transmission controller of claim 14, wherein the
transmission control operations further include selectively
operating such that the first predetermined engine speed 1s
different than the second predetermined engine speed.

16. The transmission controller of claim 14, wherein the
transmission control operations further include selectively
operating to receive a braking request and to generate a
braking command for at least one brake of the work vehicle,
and upon receipt of the braking request in the first gear of the
torque control mode, generating the clutch commands to
place the first clutch or the second clutch of the first at least
one clutch into the partially engaged state such that the
resultant torque fraction 1s a minimum resultant torque
fraction.

17. The transmission controller of claim 16, wherein the
transmission control operations further include operating,
upon completion of the braking request, 1n the first gear of
the torque control mode, to generate the clutch commands to
place the first clutch or the second clutch of the first at least
one clutch into the partially engaged state such that the
resultant torque fraction 1s ramped up to the resultant torque
fraction according to the first schedule portion of the torque
control mode schedule.
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